IdM, IdW, and Id3 (HLH462) dimerize with members of the basic helixloophelix protein family, but due to the absence of the basic region, the r uig heterodimers cannot bind DNA. Therefore Id-type proteins negatively regulate DNA binding of the basic helixloop-helix proteins. Here (FCS) and arrested by growing them in medium containing 0.5% FCS. Total RNA was extracted 5, 15, 30, 60, and 360 min after adding 0.5% FCS. After 3 days, when <3% of the cell population was incorporating 5-bromo-2'-deoxyuridine (BrdUrd; Sigma, final concentration, 100 ,ig/ml), arrested cells were induced by addition of medium containing 20%o FCS. Samples were collected at the indicated times. RNA was prepared and blotted as described (18) 
The basic helix-loop-helix, (bHLH) proteins are a family of transcription factors involved in differentiation (1, 2) . They have in common a conserved DNA binding and dimerization domain, designed as the HLH motif (3, 4) . Protein-protein interactions can occur between various HLH members to form mostly heterodimers (3, 5, 6) . The ability to form heterodimers and the large number of HLH proteins give considerable potential for regulation of various pathways. Heterodimers can be formed between the ubiquitously expressed HLH proteins such as daughterless, E12, E47, E2-2, and those HLH proteins that have a tissue-specific pattern of expression, such as achaete-scute T3, achaete-scute T5, MyoD, myogenin, myf5, and mrf4 (2) . The ubiquitously expressed HLH proteins, so called class A, can interact with the tissue-specific bHLH proteins (class B) to form transcriptionally active heterodimers. MyoD is a bHLH protein specifically involved in muscle differentiation; its expression is restricted to muscle tissue and its overexpression in fibroblasts leads to myotubule formation (2, 7) . Since differentiation and cell growth are mutually exclusive (8) , MyoD can induce growth arrest when it is overexpressed in various cell types. Mutational analysis showed that this ability appears to be independent of the differentiation function (9, 10) .
Idl, Id2, Id3 (HLH462), and the product of the extramacrochaetae locus of Drosophila (Emc) are HLH proteins without a basic domain (11) (12) (13) . They are ubiquitously expressed and dimerize with members of the class A and B HLH proteins. Due to the absence of the basic region, the resulting heterodimers cannot bind DNA (11, 14) . The Idtype proteins may, therefore, negatively regulate DNA binding of the bHLH proteins (2) . Since Idl inhibits DNA binding of E12 and MyoD, it probably inhibits muscle-specific gene expression (11, 15 (6, 7, 9 RESULTS Expression of all three Id genes was analyzed in NIH 3T3 fibroblasts. Asynchronously growing cells were arrested in low serum (0.5%) and, subsequently, growth was induced with 20%o FCS. Northern blot analysis (Fig. 1) showed that the amount of Id mRNAs was reduced to 50% in <1 h after serum reduction from 10%1o to 0.5%, indicating that expression of the Id genes is strongly dependent on the presence of serum in the medium and that the half-life of their mRNAs is short. After serum induction, mRNA levels rapidly and transiently increased. At 30 min after induction, their levels were roughly twice the level observed in growing cells. Later RNA levels returned to the same level as in asynchronously growing cells. The pattern was fundamentally the same as reported for Id3 (13 18 .5%. This is obviously not due to a toxic effect of the oligonucleotides since a control, using Idl antisense at 300 pg/ml, resulted in BrdUrd incorporation similar to the incorporation observed with the Idl oligonucleotide at 100 ,ug/ml (see Fig. 2 FCS for 1 h after adding the three sense or antisense oligonucleotides (each at 100 Ag/ml). observed using each of the sense oligonucleotides at 100 ,ug/ml or 300 ,ug/ml. The observed growth inhibition by antisense oligonucleotides was mediated by reduced levels of the corresponding mRNAs. When the three antisense DNA oligonucleotides were added to the cells, Id3 mRNA levels were significantly reduced to 30% of that in cells treated with sense oligonucleotides (Fig. 3) . Hybridization with Idl and Id2 probes gave similar results (data not shown).
In the previously described experiment, FCS could not be used for growth induction because DNA oligonucleotides were unstable in medium containing serum (20) . To be able to use FCS, phosphorothioate oligonucleotides with the same sequence were used instead of DNA oligonucleotides. As shown in Fig. 4 , the results are similar, except for the level of DNA synthesis, which was higher in FCS-than in PDGFtreated cells. Modified antisense oligonucleotides reduced BrdUrd incorporation to 32%; incorporation in control cells without oligonucleotides was 83%. When the three sense oligonucleotides were used together, a slight inhibition of BrdUrd incorporation compared to nontreated cells was observed, probably due to a toxic effect of higher concentrations of the modified oligonucleotides.
To establish whether the effect of the antisense oligonucleotides was reversible, the ability of cells to reenter the cell cycle after removal of DNA antisense oligonucleotides was investigated. Cells were arrested, stimulated to grow by PDGF, and inhibited by unmodified antisense oligonucleotides. As shown in Fig. 5 , 24 h after PDGF stimulation when the cells were blocked, the oligonucleotides were removed and BrdUrd incorporation was scored for a further 12-h period. Six hours after removing the oligonucleotides, BrdUrd incorporation increased. After 12 h, the recovery was complete. These results indicate that the treatment with antisense oligonucleotides was not toxic to the cells and that the inhibition of DNA synthesis was reversible. The antisense strategy allowed us to target each of the Id mRNAs one at time or all together. Although when used one at a time the antisense oligonucleotides gave a significant delay of DNA synthesis after growth stimulation, the highest inhibition of DNA--synthesis was observed when the three antisense oligonucleotides were added together, suggesting that the role of the Id proteins during growth stimulation is at least partially overlapping. This information should be taken in account when creating null alleles for these genes by homologous recombination. The fact that two sets of molecules like the DNA and the phosphorotioate oligonucleotide gave the same result is a good indication of the specificity of the process. Moreover, addition of the antisense oligonucleotides to cells resulted in a specific reduction ofthe Id mRNA levels.
DISCUSSION
Similar experiments have previously established that two other early-responsive genes, c-fos and c-myc, are also required for growth induction (21, 22) . The fact that c-fos binds to HLH proteins in vitro (23) 
